Copper is an important component from coin metal to electronic wire, integrated circuit, and to lithium battery. Copper oxides, mainly including Cu 2 O and CuO, are important semiconductors for the wide applications in solar cell, catalysis, lithium-ion battery, and sensor.
I. Introduction
Copper is one of the most important nonferrous materials and widely used in integrated circuit, pipe, wire, etc [1] [2] [3] . Copper oxide materials such as cuprous oxide (Cu 2 O) and cupric oxide (CuO), have been widely applied to various fields such as catalysis, solar cells, and lithium-ion batteries [4] [5] [6] . Some typical applications of Cu 2 O are summarized in Table 1 , which shows the long research history of Cu 2 O [1, [7] [8] [9] [10] [11] [12] [13] [14] [15] . Their compositions, structures and properties have been intensively investigated by many researchers [16] [17] [18] . Copper mainly have three oxidation states, 0, +1, +2, and they have different redox potentials as shown in Fig. 1(a) , from which we can selectively obtained metal (Cu) and simple oxides However, the understanding of relationship between chemical reactions and crystallization is difficult. Systematic studies of the specific effects of all reaction components on crystal growth and their Table 1 . Some typical applications of Cu2O with different properties. Data from Ref [1] .
Year
Properties and Applications Author Ref.
1920s
Cu2O rectifier used for radio detector L. Grondahl 7 1930s Photovoltaic property and solar cell B. Lange 7 1933 Optical properties and submarine photometry W. Atkins 8 1990s Good example for studying Bose-Einstein condensation (BEC) of excitons D. Snoke 9 1994 Catalyst of CO oxidation G. Somorjai 10 1998 Photocatalytic decomposition of water under visible light irradiation M. Hara 11 2000 Electrode material for lithium-ion battery P. Poizot 12 2006 Gas sensor for gas oil, NO2, ethanol Y. Li et al. way to understand their relationship [19] [20] [21] [22] [23] . Here, we review our work about the chemical reactions and crystallization of copper oxides. In addition, systematic studies the roles of all reaction components can help to determine appropriate reaction window that can improve the reproducibility of one reaction and minimize the negative effects of small interferences on the quality and yield of the products (Fig. 2) , which can favor the studying reaction-crystallization relationship [24] .
In this review, we review different chemical re- Table 2 [1].
pH-assisted crystallization of Cu 2 O
The chemical reaction-controlled crystallization of Cu2O with systematic shape evolution from nanowires, through nanoparticle-aggregated spheres and octahedra to truncated octahedra and cuboctahedra, have been proved by a two-step "precursor formation-crystallization" process ( Fig. 3 and 4 ) [16] .
The shape, size, and composition variation were mostly determined by the pH-dependent precursor species, Cu2(OH)3NO3, Cu(OH)2 and Cu(OH)4 2-as following reactions (Fig. 3) . 
The addition of specific amounts of OH -to the solution is the key to adjusting the reduction and complexation reactions that control the crystallization of 
Inorganic-ion-controlled chemical reactions
In the crystallization of metal and oxide nano- 
With different affinity abilities of the anions in terms of hard-soft acid-base theory, two growth mechanisms were evidenced, which can lead to the crystallization of spherical aggregations and octahedra, respectively ( Fig. 6 and 7) . The crystallization of power of inorganic species to achieve nanoscale engineering of Cu2O surfaces [33, 34] .
Novel 1D Cu2O 6-pod superstructures were successfully synthesized via low temperature hydrothermal route [26] . The architectures of these Cu2O superstructures include ordered and highly aligned
Cu2O rods within the 6-pod outlines (Fig. 10) collector, without using conductive carbon and binder [3] .
When Cu foil is heated in air, both Cu2O and CuO can be formed. In many case, the major product is Cu2O, and CuO is formed slowly only through a second step of oxidation [3] . 
Solution-phase oxidation
Cu2O polyhedra on Cu foils have been crystallized by the room-temperature liquid phase oxidation reaction with the assistance of Cl - (Fig. 16 ) [25] .
Rhombic dodecahedra with {110} surfaces, octahedra, and {110} truncated octahedron were formed with Cl as facet-selective adsorption agent.
The dissolution of the copper metal is more likely to occur through the formation of cuprous chloride species and subsequent oxide formation: 
And an oxygen reduction reaction balanced the dissolution of copper.
The results proved that aqueous Cl 
